In the occlusion illusion, a partly occluded object is perceived as though it were less occluded than it actually is (Palmer, Brooks, & Lai, 2007) . We confirm and extend this finding using a stimulus with a moving occluder. In agreement with Palmer et al.'s (2007) findings and their partial-modal-completion hypothesis, we found that the illusion is indeed related to the sensory evidence for occlusion. Our experiments also confirm their speculation that the occlusion illusion involves an intriguing, seemingly paradoxical percept. In our experiments, subjects viewed an opaque disk with an open sector rotating in front of a background and indicated the perceived angular extent (a) of the occluder and (b) of the part of the background experienced as directly visible through the open sector. While the former was judged quite accurately, the latter was clearly overestimated. Thus, the angular extent of the background experienced as occluded and the extent experienced as directly visible sum to more than 3608, which makes the total percept an impossible figure. We argue that the key to resolving this paradox is to question the seemingly self-evident assumption that occluded and unoccluded portions of a visual scene are represented by amodal and modal percepts, respectively. Instead, we propose that visual percepts are experienced as modal whenever they are based on sufficiently conclusive sensory evidence and are otherwise experienced as amodal. Functionally, this perceptual representation of the conclusiveness of the sensory evidence underlying perceptual inferences might be more useful than estimates about optical visibility.
Introduction
Due to ecological regularities in our ambient visual environment, the proximal image of a visual scene contains information not only about parts of the visual scene that are directly visible but also about parts that are occluded. The human visual system is known to use this kind of information and to form perceptual representations of occluded regions (Anderson, Singh, & Fleming, 2002; Kanizsa, 1979; Michotte, Thinès, & Crabbé, 1991) . In Figure 1 , for instance, it is immediately clear that the buildings do not have holes where they are occluded by the trees but rather that they extend behind the trees.
Traditionally, one distinguishes between modal and amodal perceptual representations. Depending on whether the representations exhibit visible sensory qualities (e.g., color or texture) or not, they are classified as modal and amodal, respectively. Modal percepts are conceived of as perceptual representations of directly visible regions of a visual scene, while amodal percepts are thought of as perceptual representations of occluded regions.
Research on the so-called occlusion illusion (Kanizsa, 1979; Palmer, 1999; Vezzani, 1999; see Figure 2 ) raises some interesting conceptual issues related to this theoretical dichotomy. The basic phenomenon to be explained is that the black half-disk next to the gray rectangle (left) looks larger than the one that is presented in isolation, although they are physically identical. Palmer, Brooks, and Lai (2007) argued in favor of an explanation in terms of their partial-modalcompletion hypothesis. This hypothesis appeals to the familiar notion of how cues to occlusion may lead to amodal completion of the half-disk into a full disk. Crucially, though, the partial-modal-completion hypothesis contends that a part of the perceptually completed region is experienced as modal (i.e., directly visible) rather than as amodal. That is, the hypothesis states that the occluded object is ''perceived as though it were less occluded than it actually is'' (Palmer & Schloss, 2009 , p. 1083 .
The experimental evidence presented by Palmer and colleagues speaks very strongly in favor of the partialmodal-completion hypothesis, so on empirical grounds it should definitely be taken seriously. On the theoretical side, though, it raises two interesting issues that warrant closer scrutiny.
First, as pointed out by Palmer et al. (2007, p. 669) , assuming that the hypothesis is indeed correct raises the ''perplexing'' issue of ''how to understand the nature of the partial-modal-completion hypothesis.'' The hypothesis essentially posits that the visual system fills in a thin strip along the occluded edge, which immediately raises the question of where this thin strip is located in the visual field. Since this thin strip originally is not part of the visual field but rather pops out from behind the occluder, as it were, it would seem logical that other parts of the visual field would need to be perceptually displaced in order to make room for it. Palmer et al. (2007, p. 669 ) considered this logically possible but suspected instead ''that the visual system somehow manages to see the partly occluded object as spatially extended perpendicular to the occluding edge without perceiving any difference in the positions of the regions attached to the edge.'' Acknowledging that this may seem strange, they pointed out that ''the visual system manages to achieve equally bizarre results in other illusions'' (p. 669). We believe that Palmer and colleagues are right in suggesting that the occlusion illusion involves this kind of paradoxical percept, despite the apparent absurdity of the proposition. But we do think that the paradox requires a coherent resolution at the theoretical level, which goes beyond the mere reference to the existence of equally bizarre paradoxes in other domains of perception. Second, the partial-modal-completion hypothesis is incomplete in the sense that it does not explicitly explain why a part of the perceptual completion of the disk is experienced as directly visible (modal) instead of as occluded (amodal) .
In this article, we present a dynamic illusion that is conceptually similar to the occlusion illusion but that produces a much stronger and more compelling effect and proves the existence of the paradox hinted to by Palmer et al. (2007) in a more direct and conclusive manner. We also offer a logically consistent and complete theoretical resolution of the paradox. We argue that the paradox can be resolved by giving up the seemingly self-evident but unproven assumption that the phenomenal experience of visibility is a perceptual representation of optical visibility. We propose that it is instead a perceptual representation of the conclusiveness of the sensory evidence available for perceptual inferences regarding qualitative attributes of the visual scene. That is, we question the theoretical basis for the conceptual dichotomy between modal and amodal percepts as representations of unoccluded and occluded regions of the visual scene, respectively.
Basic demonstration
A basic demonstration of our dynamic version of the occlusion illusion can be seen in the Supplementary Demonstration. On the left side, a half-disk is rotating in front of a background containing a striped ring. Physically, both the disk sector and the visible ring segment subtend 1808 of the circular display at any given moment of time. As can be expected based on the literature on amodal completion, the partly occluded ring is amodally completed into a full ring. The observation of primary interest here, though, is that substantially more than the objectively visible 1808 of the ring are experienced as directly visible (modal). At the same time, the angular extent of the occluding halfdisk is perceived approximately veridically (1808). Taken together, these two observations imply that more than 3608 of the circular display is experienced as directly visible. This observation, which we refer to as the visibility paradox, is analogous to the ''bizarre'' percept discussed by Palmer et al. (2007) in connection with the occlusion illusion.
A major advantage of our stimulus over that studied by Palmer and colleagues, however, is that the existence of the paradox can be demonstrated directly. By virtue of the circular spatial layout, the paradox becomes immediately apparent if any perceptual enlargement of the angular extent of the background ring experienced as directly visible occurs without a corresponding perceptual decrease in the angular extent of the occluding disk sector. A second advantage is that the effect observable in our dynamic occlusion illusion is stronger and more compelling than the rather modest effect observable in the static occlusion illusion, which makes it harder to dismiss the paradox as a minor artifact and makes it easier to measure the effect quantitatively.
The stimulus shown on the right side of the Supplementary Demonstration is identical to the one on the left side except that the rotating half-disk has been removed. The visible ring segment, which is perceived as part of a stationary full ring in the version on the left in which the occluder is present, is now perceived to be a curved stripe moving on a circular path. It is known that adding cues to the existence of an occluder accounting for changes in the stimulus that would otherwise evoke the impression of motion can abolish the motion percept (Ekroll & Borzikowsky, 2010; Shimojo & Nakayama, 1990a; Sigman & Rock, 1974) . Thus, it is not surprising that the visible ring segment is perceived to move when the occluding rotating disk is removed. It should be kept in mind, though, that removing the rotating disk sector does not remove all the potential cues to occlusion from the stimulus. Importantly, the dynamic accretion and deletion at the two ends of the curved stripe may, in combination with its stationary texture, serve as a cue to occlusion. Note that, like the stimulus on the left side, the stimulus on the right side is compatible with the existence of a rotating half-disk-provided the disk sector has the same color as the background. Such motion of an ''illusory occluder'' (Kanizsa, 1979) in the presence of dynamic occlusion cues has been observed in studies of apparent motion (Petersik & McDill, 1981) and may even be responsible for the enigmatic phenomenon of pure phi motion (Ekroll, Faul, & Golz, 2008; Steinman, Pizlo, & Pizlo, 2000; Wertheimer, 1912) . Thus, the hypothesis that the perceptual extension of the ring in the stimulus on the left is due to the influence of occlusion cues predicts that the extension of the curved stripe should be less, but not absent, in the stimulus on the right. In accordance with this logic, there seems to be a perceptual extension of the curved stripe also in the stimulus on the right, but it seems to be less than the extension of the ring segment in the stimulus on the left.
Experiment 1
The aim of our first experiment was to check these informal observations. Specifically, we were interested in establishing the existence of the visibility paradox; that is, a perceptual extension of the ring segment experienced as directly visible without a corresponding decrease in the perceived angular extent of the occluding disk sector. We also aimed to confirm the observation that the perceptual extension of the ring segment is reduced when the visible occluder is removed.
Method
We presented animations, as illustrated in Figure 3 , to naive subjects and asked them to match the perceived angles of the disk sector (b occluder ) and the perceived angles of the portion of the striped ring experienced as directly visible (b ring ) using corresponding static comparison stimuli. The angle of the occluding disk sector ( Figure 3A ) was varied in four steps (a occluder ¼ 308, 1508, 2108, and 3308), resulting in corresponding variations of the visible portions of the striped ring (a ring ¼ 3608 -a occluder ). In order to verify that the overestimation of the angle of the striped ring (b ring -a ring ) depends on occlusion cues, we also included a control condition in which the visible occluder was left out so that only portions of the striped ring were visible ( Figure 3B ). As already mentioned, the absence of the visible occluder changes the percept radically: Instead of a disk sector rotating in front of a stationary ring being partly occluded, one perceives portions of a striped ring segment moving on a circular path.
We presented the dynamic stimuli on a cathode ray tube monitor running at 85 Hz with a dark gray background and a white fixation spot in the center. The disk sector was gray in the experimental condition and dark gray-like the background, and thus invisible-in the control condition and rotated at 0.94 revolutions/s. Viewed from an approximately 80-cm distance, its diameter was about 98. Its angle was varied in four steps (308, 1508, 2108, and 3308) . The striped ring segment had a width of about 0.58 and an inner diameter of about 4.58. The alternating black and white stripe texture of the ring was stationary in all conditions, and the width of each element of the stripe texture corresponded to 3608/60 ¼ 68 along the circle.
Before each trial a text caption indicated whether the perceived angle of the disk sector (in the experimental condition only) or the angle of the portion of the striped ring experienced as directly visible (in both conditions) were to be matched. The animation started 2 s later. When the subjects pressed a key the animation stopped and only the stimulus element to be judged remained statically visible, whereby its angle deviated from the objective angle in the animation in random direction and by a random absolute amount in the range of 208 to 458. It could then be adjusted with the arrow keys in order to match the visible angle in the animation as accurately as possible. The subjects were encouraged to switch between the animation and the adjustment screen until they were satisfied with their adjustment. In total, there were 12 task-stimulus combinations (2 tasks · 4 stimulus variations in the experimental condition and 1 task · 4 stimulus variations in the control condition), each repeated 10 times, resulting in 120 trials presented in pseudorandom order.
The observers were 13 students from the University of Kiel who were naive to the purpose of the study. The data of one subject, who obviously matched an amodal percept, were discarded.
Results
The average data from the experimental condition, which are visualized in Figure 4 and plotted as a bar chart in Figure 5 , reveal the visibility paradox: While the matches of the disk sector angle were quite accurate (À48 to þ68), the angle of the ring segment was overestimated by up to 368 (''extension effect''). Accordingly, the sum of the perceived angles b occluder and b ring exceeded 3608 in all four angle conditions by 38 to 438 (average ¼ 238). The effect was highly significant-one-tailed t test: t(11) . 3.10, p , 0.01-in all conditions except the condition in which a ring ¼ 3308. We believe that our measurements actually underestimate the true magnitude of the dynamic occlusion illusion. This is because subjects may have been aware of the paradox and may have made settings reflecting logical reasoning rather than the immediate percept. Figure 5 shows the data from the experimental and control conditions together. The white bars show the difference (b ring -a ring ) between the perceived angle and the physical angle of the striped ring for each level of a ring in the experimental condition. Analogously, the gray bars show the difference (b occluder -a occluder ) between the perceived angle and the actual angle of the gray disk sector. The sum of the gray and the white bars represents the magnitude of the paradoxical effect. The black bars show the extension effect in the control condition, which was on average only about half as strong as in the experimental condition.
Discussion
The results of this experiment suggest that the perceptual extension of the background ring segment is related to the perception of occlusion. In the control condition, in which the visible occluding disk sector (but not all cues to occlusion; see the Basic demonstration section) was removed, the perceptual extension was reduced. More importantly, the results of this experiment show that the perceptual extension of the part of the background ring experienced as directly visible is not accompanied by a corresponding decrease in the perceived angular extent of the occluding disk sector. Thus, the visibility paradox seems to be a real The angle of the disk sector, a occluder (here 1508), was varied between trials, resulting in corresponding variations of the visible portions of the ring, a ring (here 2108). (B) In the control condition, the disk sector was removed so that only an incomplete curved stripe, now experienced as moving on a circular path, was visible. Its angle (i.e., length) was varied between trials as in the experimental condition.
phenomenon requiring substantive theoretical explanation.
Methodological issues
A number of objections may be raised based on methodological considerations. First, it remains possible that the influence of the occlusion cues on the perceptual extension of the ring segment in the experimental condition is indirect. As can be appreciated in the Supplementary Demonstration, removing the visible occluding disk sector leads to perceived motion of the ring segment, as can be expected based on work demonstrating the influence of occlusion cues on the perception of motion (e.g., Ekroll & Borzikowsky, 2010; Shimojo & Nakayama, 1990a; Sigman & Rock, 1974) . Thus, the immediate cause of the different perceptual extensions of the ring segment may be related to the differential activation of motion mechanisms rather than to the difference in the occlusion cues per se.
Second, one might argue that the logically incompatible measurements of angular extent constituting the visibility paradox are due to memory effects. Informal inspection of the Supplementary Demonstration suggests that this is not the case because the two incompatible percepts seem to be simultaneously present in visual awareness. On the other hand, it is not unlikely that the well-documented phenomenon of boundary extension (Intraub, 2010; Intraub & Bodamer, 1993; Intraub & Richardson, 1989) , which is conceptually similar to the extension effect occurring in the static occlusion illusion and in our displays, but which is primarily conceived of as a memory effect, may have contributed to the effect measured in our experiment.
Third, although the matching task used to measure the perceived extent of the background ring experienced as directly visible may seem straightforward, we experienced it as subjectively difficult. This may be related to the well-known observation that judging the shape of regions of the visual field experienced as ground is far more difficult than judging the shape of regions experienced as figure (Kanizsa, 1979; Koffka, 1935; Palmer, Davis, Nelson, & Rock, 2008; E. Rubin, 1915; N. Rubin, 2001) . Confronted with this subjective difficulty, it is not unlikely that the subjects may sometimes have reverted to the strategy of matching the While the extent of the disk sector was adjusted quite accurately (À48 to þ68), the visible portion of the ring was overestimated by up to 368 (in the 1508 condition), suggesting the paradoxical conclusion that portions of both stimulus elements must have been perceived as directly visible at the same position simultaneously (overlapping regions). In this plot, we arbitrarily aligned the ring segment and the disk such that the paradoxical overlap is concentrated on one side. How the total overlap is phenomenologically distributed on both sides cannot be determined based on the subjects' settings, but we surmise that it occurs primarily at the trailing edge of the stripe.
adjustable ring segment to the open sector of the occluding disk itself rather than to their perception of the ring segment experienced as visible through the opening. Furthermore, this measurement method is prone to making the paradoxical nature of the percept obvious to the subjects. Again, this may incite subjects to rely on cognitive strategies in order to appear consistent. The finding that the visibility paradox was almost absent at the largest angle (3308) of the open sector in the occluding disk (see Figure 5 ) may be related to this kind of problem: If the dynamic occlusion illusion is actually as strong as in the other conditions (about 308), the subjects would have to match the stimulus with a full circle, which would obviously be logically inconsistent with the clear percept of a 308 disk sector covering it. All of this is unproblematic in that it would only lead to more conservative estimates of the paradoxical effect, but alternative measurement methods avoiding or reducing these problems would clearly be desirable.
Fourth, the results of the experimental condition show an asymmetry between the extent estimates of the occluding disk sector on one hand and the ring segment on the other hand. The latter is perceptually extended, whereas the former is not, which is to be expected based on the idea that the perceptual extension is related to occlusion cues. Since the occluder and the background were differently colored, however, it remains possible that the asymmetry is somehow related to the coloring of the stimulus elements rather than to the distinction between occluder and background.
Experiment 2
In order to clarify the issues addressed above we performed a second experiment in which we (a) varied the sensory evidence for occlusion while eliminating perceived motion of the ring segment in both conditions; (b) minimized the potential contribution of memory effects; (c) employed an alternative method of measurement, aiming to reduce the awareness of the paradoxical nature of the percepts; and (d) included a condition minimizing the color differences between occluder and background.
Method
The stimuli used in this experiment ( Figure 6 ) were broadly similar to those used in the experimental condition of Experiment 1 but differed in many details. We also used an alternative procedure for measuring how much of the background was experienced as directly visible.
In this experiment, the occluding disk sector rotated in front of a textured background on which 12 white dots were evenly distributed on the circumference of a virtual circle (see Movies 1, 2, and 3 and Figure 6 ). As in Experiment 1, the perceived angular extent of the rotating disk sector (''occluder'') was measured by asking the subjects to adjust the angle of a corresponding static disk sector such that it appeared to have the same angular extent (''matching task''). Instead of matching the background dots as well, however, the task of the observers was to report how many of the dots were experienced as directly visible (''counting task''). Given the fixed center-to-center distance between any two neighboring dots (3608/12 ¼ 308), this number can be converted into the visible angular extent of the background ring constituted by the 12 dots. The counting task used in this experiment is more indirect than the matching task used in Experiment 1, but it also seems to have important advantages. First, we experienced it as more natural and less confusing than the matching task. This observation may seem surprising and raises interesting theoretical questions regarding the phenomenology of the percept in its own right. At this juncture, however, we merely note that this seems to be the case. Second, by virtue of its indirectness, the counting task makes the paradoxical nature of the percept less obvious to the observers. Thus, they are less likely to apply cognitive criteria in order to appear consistent.
We used three kinds of occluders: a real, opaque disk sector ( Figure 6A ); an illusory, Kanizsa-type disk sector ( Figure 6B ); and a transparent disk sector ( Figure 6C ). The Kanizsa-type disk sector was used because it minimizes the color differences between the target and the surround. The purely subjective contour of this disk emerges through modal completion of the points at which the illusory disk erases the grid and the line segments distributed on the background (Kanizsa, 1979) . The transparent disk was constructed in order to reduce the consistency of the cues to occlusion while mimicking the proximal stimulus properties of the real, opaque disk as closely as possible. Using the standard technique of alpha blending (Foley, van Dam, Feiner, & Hughes, 1996; Metelli, 1970) , we rendered the disk as transparent. Thus, the texture of the background remained visible through the transparent disk. The white target dots, however, were rendered in exactly the same way as in the other conditions; that is, they were rendered as visible in the open sector of the disk. Crucially, the transparency of the occluding disk with respect to the background texture contradicts the interpretation that the dots continue to exist behind the disk. Thus, if cues to the presence of the target dots behind the occluder are indeed responsible for the dynamic occlusion illusion, it should be reduced in this condition. Note that the color and transmittance of the transparent disk sector were chosen such that the proximal color in the region of the disk sector was exactly the same as that of the real, opaque disk sector (see small outline squares in Figure 6A , C). This means that the only physical differences between the real, opaque disk sector and the transparent disk sector pertain to the small subset of the disk regions corresponding to the background texture elements.
The animation was shown in the left half of the screen in all trials. In half of the trials, a static disk sector was displayed in the right half of the screen and the task of the observer was to adjust its angle (using the arrow keys of the keyboard) so that its perceived angular extent matched that of the rotating disk sector in the left half of the screen (i.e., matching task). In the other half of the trials the matching disk sector in the right half of the screen was replaced by a text caption indicating that the counting task had to be performed, and the task of the observer was to indicate the number of target dots experienced as simultaneously visible. The observers could choose among integer values and intermediate values such as one to two dots, two to three dots, and so on. In the data analysis, the latter judgments were counted as 1.5 dots, 2.5 dots, and so on. Since the judgments in the right half of the screen were carried out while the animation was running in the left half of the screen, it is unlikely that they were influenced by memory effects.
The angle of the open sector of the rotating disk was varied in two steps (308, 608). We used these smaller openings in order to keep the number of dots within the range allowing for quick and effortless counting (''subitizing''; cf. Kaufman, Lord, Reese, & Volkmann, 1949) .
The number of target dots experienced as directly visible yields an indirect measure of how much of the background region was experienced as directly visible. Since the center-to-center distance between two neighboring dots along the circle corresponds to 3608/12 ¼ 308, an open sector of 608 implies that two ( Figure 6B two and three as the disk rotates. Analogously, the number oscillates between one and two for the disk with the 308 open sector.
The background was dark red textured with an orange grating and arbitrarily distributed yellow line segments ( Figure 6 ) and subtended about 118 of visual angle. The surface of the disk sector, rotating at 0.94 revolutions/s as in Experiment 1, was a lighter red than the background in the real-occluder condition ( Figure 6A ), the same dark red as the background in the illusory-occluder condition ( Figure 6B ), and transparent in the transparent-disk condition ( Figure 6C ). To facilitate the counting task we arranged the dots not too far from each other by setting the inner diameter of the circle constituted by the 12 dots to 1.58. The diameter of the rotating disk was approximately 4.58, and the diameter of the individual dots was about 0.38 of visual angle.
In total, there were 12 task-stimulus combinations (2 tasks · 3 disk types · 2 angles of the open sector), each repeated 10 times, resulting in 120 trials presented in pseudorandom order. Twelve new naive students from the University of Kiel participated in the experiment. The data from three subjects who in the briefing reported perceiving dot motion in the open sector instead of stationary dots behind the rotating disk were discarded.
Results Figure 7A shows the number of dots experienced as directly visible for each stimulus condition. The bars represent the averages across all observers. The black horizontal lines indicate the time-averaged number of dots physically present in the corresponding display.
Three general trends are readily apparent. First, when the occluding disk sector was opaque, more dots were experienced as simultaneously visible than when the disk sector was transparent; one-tailed t test: t(8) . 6.08, p , 0.001 in both the 308 and 608 conditions. Second, the results obtained with the real and illusory kinds of the opaque disk were essentially identical, which implies that more dots were experienced as simultaneously visible in the presence of the illusory occluding disk sector than in the presence of the transparent disk sector; one-tailed t test: t(8) . 5.42, p , 0.001 in both the 308 and 608 conditions. Third, relative to the number of physically visible dots, more dots were experienced as visible when the open sector was 608 than when it was only 308; one-tailed t test: t(26) . 13.25, p , 0.001.
The perceived angle b occluder of the occluding disk agreed closely with the physical angle: The conditionwise averages across all observers deviated from the true value by only À58 to þ78 (data not plotted). In Figure 7B these small deviations from veridical perception of the occluding disks are taken into account to derive estimates of the paradoxical effect. To this end the number (N) of dots experienced as directly visible (see Figure 7A ) was converted to an equivalent angular extent b background according to the equation center-to-center angular separation between any two neighboring dots along the circle. The values shown in Figure 7B represent the paradoxical effect, defined as (b occluder þ b background ) -3608.
Discussion
The results of this experiment agree with those of Experiment 1 in demonstrating the existence of the visibility paradox. Additionally, the results show that the paradoxical effect was clearly reduced when the interpretation that the target dots continued to exist behind the disk was contradicted by the transparency of the occluding disk. This suggests that the effect is indeed due to occlusion-related visual completion. The close correspondence between the results obtained with the real and the illusory occluders supports this interpretation further. The fact that the paradoxical effect was much less prominent when the open sector in the occluder was small (308) than when it was large (608) is also compatible with the idea that the effect is caused by mechanisms aiming to create a representation of the partly occluded background. In the former case, less information about the background is transmitted through the open sector, which may constitute a poorer basis for modal extrapolation.
The present demonstration and the two experiments document a dynamic illusion that is similar to the static occlusion illusion (Figure 2 ) in at least two regards. First, the central feature of both illusions is the perceptual extension of a region abutting on a region that can be interpreted as an occluder. Second, as documented by the present findings and by investigations of the static occlusion illusion (Palmer et al., 2007; Palmer & Schloss, 2009) , both illusions seem to depend critically on the sensory evidence for occlusion. Accordingly, the partial-modal-completion hypothesis proposed by Palmer et al. (2007) neatly captures not only the main features of the static occlusion illusion but also those of the dynamic illusion investigated in the present study. The observation that the partial modal completion observed with our dynamic stimuli is stronger than the relatively weak effect observed in the static occlusion illusion can be attributed to the fact that the successive views of the background provide stronger sensory evidence for the continuation of surface features such as luminance and color. Thus, our findings may be said to further strengthen the plausibility of the partial-modal-completion hypothesis and to demonstrate that it can be applied outside of the specific context of the static occlusion illusion. This is in agreement with the idea that the occlusion illusion is ''a very general phenomenon that occurs whenever an object or surface is perceived as partly occluded by a shared edge'' (Palmer et al., 2007, p. 667) .
As mentioned in the Introduction, though, the partial-modal-completion hypothesis raises the question of how space is made for this modal extension in the visual field. Whereas an amodal extension is naturally accommodated behind an occluder, the modal extension requires extra space in the visual field, which would seem to require a corresponding perceptual displacement of the surrounding regions. Yet Palmer et al. (2007, p. 669) surmised ''that the visual system somehow manages to see the partly occluded object as spatially extended perpendicular to the occluding edge without perceiving any difference in the positions of the regions attached to the edge.'' The present findings strongly suggest that this is indeed the case. Accordingly, this visibility paradox must be regarded as a real phenomenon in need of substantive theoretical explanation. A second issue raised by the partial-modal-completion hypothesis is that although it contends-in accordance with the empirical findingsthat a part of the perceptual completion of the partly occluded object is experienced as modal instead of amodal, it does not offer any explanation for why this happens.
Why does amodal completion turn modal?
The existence of the visibility paradox shows that the occlusion illusion is more than just a visual illusion. Like Escher's and Reutersvärd's famous paintings or other well-known impossible figures such as the Penrose triangle, our stimulus gives rise to a percept with an internal structure that is incompatible with any consistent real-world interpretation whatsoever (Cowan, 1977; Gregory, 1980; Hochberg, 2003; Huffman, 1971; Kulpa, 1983 Kulpa, , 1987 Penrose & Penrose, 1958) . As illustrated in Figure 8 , the modal extension of the background element implies that it is being experienced as directly visible at a point of the visual field at which it is also experienced as being occluded by the rotating disk. Although the partial extension of a background surface behind an occluding surface, in itself, is certainly possible, the simultaneous visibility of the occluder and regions in the scene occluded by it obviously is not. Thus, this paradoxical percept is analogous to known impossible figures provided that the aspect of visibility, understood in terms of geometrical optics, is considered as part of the physical situation. How can this seemingly paradoxical observation be explained?
A theoretical resolution of the visibility paradox
We believe that the key to resolving this paradox is to question the seemingly self-evident and widespread assumption that occluded portions of a visual scene are represented by amodal percepts, while unoccluded portions of a scene are represented by modal percepts (e.g., Kellman & Shipley, 1991, p. 143) . Essentially, the static occlusion illusion and, in particular, the present dynamic version of it tangibly demonstrate that this cannot be the general rule because here an occluded portion of the visual scene is represented by a modal percept. This is also, in essence, what the partial-modalcompletion hypothesis contends.
Abandoning the tacit assumption above, however, immediately raises the question of why some percepts are experienced as modal, whereas others are not. We propose that visual percepts are experienced as modal whenever they are based on sufficiently conclusive sensory evidence for particular attributes of the visual scene. Conversely, they are experienced as amodal when this is not the case. Generally, this hypothesis makes almost the same predictions as the original tacit assumption, simply because the conclusiveness of the sensory evidence regarding unoccluded regions of a visual scene tends to be much stronger than the sensory evidence regarding occluded regions. This relationship is not perfect, though. In rare cases, the sensory evidence available for perceptual inferences regarding qualitative attributes pertaining to occluded regions of the scene may in fact be rather strong and conclusive. This is arguably the case for the static occlusion illusion and even more so for our dynamic display. More specifically, one could argue that the sensory evidence pertaining to the parts of occluded background that are closest to the leading edge of the occluding disk (at any given moment of time) is particularly conclusive because those parts were directly visible just a brief moment earlier. This factor would add to the influence of mere spatial proximity to unoccluded parts that presumably underlie the static occlusion illusion.
From this perspective, it is not surprising that certain parts can be experienced as directly visible (modal) even though they are optically occluded. Figure 8 illustrates how this reasoning resolves the visibility paradox: Although it is logically impossible for the two black dots located on the same line of sight in different depth planes to be simultaneously visible because one occludes the other, the sensory evidence regarding both of them may be quite conclusive.
Our hypothesis is compatible with Palmer et al.'s (2007, p. 650) finding that the magnitude of the occlusion illusion varies with the ''strength of the evidence for occlusion.'' According to our proposal, though, the critical variable is not the strength of the evidence for occlusion per se but rather the conclusiveness of the sensory evidence available for perceptual interpretations regarding optically invisible scene regions. It is clear, though, that the latter is intimately linked to the former. In purely optical terms, the background ring is invisible (light gray, crosshatched) wherever it is occluded by the half-disk (dark gray). (B) In the percept, portions of the background ring are experienced as directly visible (modal percept; light gray) and as occluded (amodal percept; outline). However, the background ring and the occluder (dark gray) overlap each other partly (as indicated by the black dots in the line of sight), meaning that these portions of the background ring are perceived as directly visible and occluded at the same time.
Although our tentative hypothesis that visual percepts are experienced as modal whenever they are based on sufficiently conclusive sensory evidence for particular attributes of the visual scene and as amodal otherwise may be regarded as rather counterintuitive, we think it deserves being taken seriously because it is, to the best of our knowledge, the only logically consistent approach explaining the visibility paradox proposed thus far. It should be pointed out, though, that this hypothesis raises two new issues that need to be addressed.
''Modal versus amodal'' as a continuous variable?
Linking the distinction between modal and amodal percepts to the conclusiveness of the underlying sensory evidence suggests that there must be a threshold value above which the sensory evidence becomes conclusive enough to evoke a modal percept rather than an amodal one. If this were indeed the case, it would have to be worked out what this threshold value is and how it can be theoretically motivated. One preliminary speculation would be that the percept becomes modal whenever the posterior distribution over all candidate interpretations is peaked sharply enough to render a single interpretation that is vastly more likely than all others. It should be noted, though, that once we abandon the assumption that modal and amodal percepts are linked to the dichotomy between unoccluded and occluded scene regions, there is no principled reason why the phenomenological variable ''modal-amodal'' has to be dichotomous. Thus, in principle, it could also be a continuous variable, which depends continuously on the conclusiveness of the sensory evidence.
Different visibility of different perceptual attributes?
Because our hypothesis links modal and amodal visual experiences to the conclusiveness of the underlying sensory evidence rather than to occluded and unoccluded regions of the visual scene, and because the conclusiveness of the sensory evidence regarding different perceptual attributes (e.g., object unity, contour, shape, texture, color, or luminance) may be different within a region of the visual field, it is possible that some of the attributes pertaining to an occluded region of the visual field may be experienced as phenomenally clearly specified and distinct (i.e., visible), whereas others may be not specified and distinct or poorly specified and distinct (i.e., invisible or vaguely visible, respectively). This idea may shed light on the somewhat confusing phenomenology of many cases of amodal completion. Consider, for instance, the following quotation from Michotte et al. (1991, p . 144, our italics): ''[C]ompletions that are 'present' in this manner should be termed 'amodal' . . . . Thus the term amodal has initially a purely negative significance, since it indicated the absence of visual qualities (luminance and color) from the completion of the figure. On the other hand, it should be stressed that the impression of the whole shape and the unbroken character of its contour is entirely compelling for the subjects . . . . In the case of continuity of color there is not so compelling an impression.'' Consider also a similar quotation from Kanizsa (1985, p. 29) : ''But the continuation behind the covering surface, although it is amodal, that is, without the chromatic attributes of the visual modality, can be a genuinely perceptual presence . . . .'' Why is it that the contour and shape are experienced as entirely compelling, whereas the color is not? And why are luminance and color, but not contour and shape, considered to be visual qualities? What is the significance of the term perceptual presence? Is not the notion of perceptual presence in the absence of visual qualities almost a contradiction in terms? Note that Michotte et al. (1991) and Kanizsa (1985) , both firmly committed to defining the concepts of modal and amodal percepts in purely phenomenological terms, carefully avoid reference to physical or physiological categories in their definitions. The way they implicitly define ''visual qualities'' (Michotte et al., 1991) and ''attributes of the visual modality'' (Kanizsa, 1985) , however, suggests that they have not been entirely consistent in avoiding those references. The notion that luminance and color are visual qualities while contour and shape are not may be motivated through reference to ideas from sensory physiology, but it is difficult to see how it can be justified if the concept of visual qualities is to be understood in purely phenomenological terms. In terms of immediate visual experience, it would seem reasonable to regard contour and shape as visual qualities on par with luminance and color.
Based on our hypothesis, however, it becomes possible to frame these important observations in a theoretical language that avoids the issues addressed above. For instance, the observation that the contour and shape of an object are experienced as highly definite and visually present in many well-known cases of amodal completion, whereas the luminance and color of an object are not, can be taken to mean that the perceptual attributes of object contour and shape are experienced as modal (i.e., specified, or visible), whereas those of luminance and color are not or are experienced only as vague (i.e., unspecified, or invisible) . This may be the case because the sensory evidence pertaining to the perceptual attributes of object unity, contour, and shape are more conclusive than the sensory evidence pertaining to an object's surface luminance and color. In this connection, it is interesting to note that object unity, shape, and contour are intrinsically nonlocal properties that necessitate the integration of distributed global stimulus information (Gestalt formation) even in the absence of occlusion. Hence, the perceptual extraction of these properties may be expected to be particularly robust against the local changes in the input produced by local occlusions.
Amodal percepts without occlusion?
According to our hypothesis, the phenomenological variable ''modal versus amodal'' is a perceptual representation of the conclusiveness of sensory evidence. Thus, on one hand, the hypothesis predicts that occluded regions can be experienced as modal instead of amodal provided that the sensory evidence is unusually conclusive, in agreement with our experimental findings. Conversely, though, the hypothesis also suggests that it should be possible to experience amodal percepts in the absence of occlusion if the sensory evidence is unusually inconclusive. Metzger (1975; see Metzger, Spillmann, Lehar, Stromeyer, & Wertheimer, 2006 , for an English translation) and Kanizsa (1987) described a phenomenon called ''bridge lines'' (Metzger's terminology) or ''virtual lines'' (Kanizsa's terminology) that may be taken to suggest that this is indeed the case. This phenomenonwhich is not to be confused with the more well-known phenomenon of subjective (or illusory) contours, although the latter is often also called ''virtual contours''-is demonstrated in Figure 9A and B. The point of interest is that collections of dots are experienced as having definite shapes corresponding to virtual lines (or curve segments) connecting one dot with the other. In much the same way as amodally completed contours, these lines are perceptually present, although we do not see them in the literal sense. Furthermore, the perceptual nature of these virtual lines can be demonstrated appealing to the same argument that has been used for demonstrating the perceptual nature of amodally completed contours. Consider the dots in Figure 10A , which correspond to the stars in the constellation called the Big Dipper. As illustrated by the examples in Figure 10B through F, it is logically possible to conceive of many different shapes as resulting from interpolations between the dots in Figure  10A , but a very specific one is perceived-namely the one shown in Figure 10B . In accordance with this, Kanizsa (1987, p. 44) wrote that the presence of these ''virtual lines'' has an ''amodal character,'' although there is no occlusion involved.
A further potentially interesting similarity between typical cases of amodal completion and the phenomenon of bridge lines or virtual lines is this: In the preceding paragraph, we argue that phenomenal visibility is a continuous, multidimensional variable that can differ for different attributes of perceptual objects such as object unity, contour, shape, texture, color, or luminance because the sensory evidence for the different perceptual attributes may differ. Based on this idea, we suggested that the sensory evidence for perceptual attributes such as object unity, contour, and shape is often more conclusive than the sensory evidence for attributes such as surface luminance and color and that this explains why typical cases of amodal completion involve distinct impressions of shape without clear impressions of luminance and color. (Metzger, 1975) or ''virtual lines'' (Kanizsa, 1987) connecting different pairs of dots. While these lines are not experienced as visible, they are perceptually present, much like amodally completed contours. As demonstrated by the examples in C through F, it is logically possible to conceive of many different shapes as resulting from interpolations between the dots in A, but a very specific one is perceived-namely the one shown in B. Note that the line segments in C through F indeed go through exactly the same points as those in B, although this may be not obvious from the visual impressions. This phenomenon may be taken to indicate that amodal perception may occur even when there is no occlusion involved. Adapted from Kanizsa (1987, figure 4.2, p. 41) .
Interestingly, the same seems to be the case for the phenomenon of bridge lines or virtual lines: The impression of shape is fairly distinct, but there is no impression of texture, luminance, or color.
Can sensory evidence from other modalities also influence phenomenal visibility?
According to our hypothesis, the phenomenal visibility of a perceptual interpretation is determined by the conclusiveness of the sensory evidence in its favor. In principle, the conclusiveness of the sensory evidence may be determined by many factors, including information from other modalities. Intriguingly, it has been reported that a positive afterimage of the observer's own hand crumbles more quickly when the hand is moved in total darkness (Carlson, Alvarez, Wu, & Verstraten, 2010; Davies, 1973; Gregory, Wallace, & Campbell, 1959; Hogendoorn, Kammers, Carlson, & Verstraten, 2009; Ritchie & Carlson, 2010) . The movement of the hand, which is inconsistent with the unchanged retinal afterimage, may be said to reduce the overall conclusiveness of the sensory evidence in favor of the afterimage percept. Recently, it has also been reported that the motion of one's own hand in front one's blindfolded eyes can be experienced as phenomenologically visible (Dieter, Hu, Knill, Blake, & Tadin, 2014) .
Does the visual system have access to the conclusiveness of sensory evidence?
According to our hypothesis, the visual system renders a particular perceptual interpretation as phenomenologically visible or invisible depending on the conclusiveness of the underlying sensory evidence. Thus, it presupposes that the visual system has access to some kinds of estimates about this conclusiveness. This assumption sits well with an important idea in the field of cue integration, according to which different cues are weighted according to their relative reliability (Ernst & Bülthoff, 2004; Jacobs, 2002; Landy, Banks, & Knill, 2011) . The major difference is that the perceptual representations of reliability or conclusiveness considered in cue integration models are supposed to exist and play a role in the perceptual system itself or at the interface between different perceptual modalities rather than at the interface between the perceptual system and our conscious experience.
Relation to the boundary extension effect
Both the static occlusion illusion and the dynamic version of it investigated in the present article are in some ways similar to the boundary extension effect-that is, to the finding that subjects tend to render partly occluded regions of the original scene as directly visible when asked to draw a visual scene from memory (Intraub & Bodamer, 1993; Intraub & Richardson, 1989) . Different from the static occlusion illusion and the present dynamic version of it (which are most naturally regarded as purely perceptual effects), though, the boundary extension effect is conceived of as a memory effect. The two phenomena may, however, be more closely related than hitherto appreciated. According to Intraub (2010, p. 240) , for instance, ''viewers have no difficulty discriminating the currently present visual sensory input from the amodally perceived continuation of objects and surfaces beyond the view-boundaries'' when the stimulus is visible but ''falsely remember having seen beyond the edges of the view when the visible stimulus is interrupted for less than 1/20th of a second before reappearing at test (i.e., boundary extension; Intraub & Dickinson, 2008) .'' The findings of Palmer and colleagues (Palmer et al., 2007; Palmer & Schloss, 2009 ) as well as the present findings strongly suggest that the former assumption is unwarranted. Clearly, this does not in any way imply that boundary extension is not due to memory effects, but it does suggest that perceptual processes and memory processes can produce very similar effects. This is not surprising given the intimate relationship between memory and perceptual processing (e.g., Bartlett, 1932) . One may argue that neither the static occlusion illusion nor the present dynamic illusion are immediate and purely perceptual effects and that they are in fact due to memory effects operating on a short time scale. It is difficult to see how this can be ruled out experimentally, but this issue appears rather moot given that most aspects of natural perceptual processing (e.g., motion perception or transsaccadic integration) must, by logical necessity, involve memory processes of one kind or another.
It is interesting to speculate whether the boundary extension effect may also involve a visibility paradox of the kind documented here. In typical experiments investigating the boundary extension effect, subjects are asked to draw from memory a picture of a previously viewed scene. The task of representing their percept pictorially on a piece of paper forces them to compensate the extensions of any regions of the visual field through corresponding reductions in their rendition of other regions of the field. Thus, even if the boundary extension effect also involves a visibility paradox, it is likely to go unnoticed in this kind of experimental investigation.
Relation to the shrinkage illusion
Beyond the theoretical challenges already mentioned, the static occlusion illusion raises an intriguing question when considered in conjunction with Kanizsa's shrinkage illusion (Kanizsa, 1972 (Kanizsa, , 1979 Vezzani, 1999) and the configural shape illusion recently described by Schloss, Fortenbaugh, and Palmer (2014) . The shrinkage illusion can be observed in a two-sided variant ( Figure 11A ) of a static occlusion illusion display ( Figure 11D ). The partly occluded horizontal bar in Figure 11A appears less wide than the identical, unoccluded horizontal bar in Figure 11B . At the same time, both visible parts of the black bar in Figure 11A appear slightly elongated along the horizontal axis when compared with the stimulus in Figure 11E , an effect very similar to that observed in the static occlusion illusion ( Figure 11D vs. Figure 11E ). This would seem to suggest that the occluded, central part of the horizontal bar must be perceived as significantly shortened in order for the shrinkage illusion to manifest itself despite the opposing tendency toward visible elongation of the unoccluded outer parts, which would be expected due to the partial modal completion known from the static occlusion illusion. However, Schloss et al.'s (2014) studies on the related configural shape illusion suggest that the vertical bar occluding the central region in Figure 11A should be perceived as wider rather than thinner. A version of the configural shape illusion can be seen in Figure 11 : The gray rectangle in Figure 11D appears to be slightly wider than the identical one in Figure 11C .
It is presently unclear how these apparent contradictions can be resolved. But there is clear evidence that, in contrast to the occlusion illusions, neither the shrinkage illusion nor the configural shape illusion depend on the perception of occlusion in any way (Schloss et al., 2014; Vezzani, 1999) . Palmer and Schloss (in press) recently proposed a common explanation for both illusions in terms of edge-based assimilation. According to this explanation, different perceptual estimates are being made of different distances in different contexts. When judging the length of the horizontal bar in Figure 11A , the observer judges the distance between edges 1 and 4, which are perceptually displaced toward edges 2 and 3 through assimilation. This produces the shrinkage illusion. When one judges the distance between inner edges 2 and 3, outer edges 1 and 4 become the relevant context, which pulls edges 2 and 3 outward. This makes the vertical occluder appear broader.
It may be interesting to consider whether this kind of principle can serve as an alternative explanation for the visibility paradox observed in our dynamic occlusion illusion. Maybe the perceptual estimates of the angular extents of the occluding disk sector and the unoccluded portions of the ring are made in different ways due to different contextual influences, such as the edge assimilation proposed to account for the shrinkage illusion and the configural shape illusion. In principle, we regard this as a possible hypothesis. However, due to the circular layout of our stimuli, judgments regarding the angular extents of the two elements should be based on estimates regarding the position of the very same pair of edges because the two radial edges of the occluding disk sector physically coincide with those of the visible part of the ring and because no further radial edges are present in the stimulus. Naively speaking, there do not seem to be different contexts available regardless of whether the extent of the disk sector or the extent of the ring is being estimated. Thus, for this kind of explanation to be viable, it would seem necessary to assume that the causally effective context change is a perceptual one that must somehow be induced by the difference in the perceptual tasks. Generally, we regard this as an interesting possibility that cannot be ruled out based on our present experiments. However, that the specific idea underlying Palmer and Schloss' (in press) explanation of the shrinkage illusion and the configural shape illusion can also explain the visibility paradox derived from our dynamic occlusion illusion seems unlikely given that the latter seems to be intimately linked to the perception of occlusion, which plays no role in the former illusions or in Palmer and Schloss' (in press ) explanation of them.
Relation to da Vinci stereopsis
The curious observation that occluded regions may be experienced as modally visible is reminiscent of a well-known aspect of binocular vision, namely that certain parts of a visual scene that are occluded to one Figure 11 . The partly occluded black rectangle in A appears to be less wide than the identical, unoccluded one in B. This effect is called the shrinkage illusion. The gray rectangle in C appears to be less wide than the identical one in D. This effect is called the configural shape illusion. The black rectangle in D appears to be wider than the one in E. This is a version of the static occlusion illusion. See the text for further explanation.
eye are directly visible to the other and vice versa ( Figure 12 ). These regions typically appear modally visible provided that the given interocular difference is consistent with real-world occlusion constraints (''da Vinci stereopsis''; Nakayama & Shimojo, 1990; Shimojo & Nakayama, 1990b) . If, however, the interocular difference violates these constraints (i.e., when details are present in the right field of the left-eye image but not in the right-eye image), binocular rivalry or interocular suppression occurs.
As pointed out by Palmer et al. (2007) , one may be tempted to link the static occlusion illusion to some filling-in mechanism or ''da Vinci buffer'' used for the region that is visible in only one eye. According to that, based on monocular occlusion cues the visual system may assume that a thin strip of the background is visible to one eye but not to the other, which might affect the partial modal completion of that strip. However, as Palmer et al. (2007) showed, da Vinci stereopsis cannot be a significant factor in the explanation of the static occlusion illusion because the modal expansion occurs not only along vertical occluder edges but also along horizontal occluder edges. The same argument applies to the dynamic occlusion illusion since the rotating occlusion edges are nonvertical most of the time. Nevertheless, Palmer et al.'s (2007) idea of a da Vinci buffer may still be interesting if considered in more general terms. Rather than a buffer specifically dedicated to the processing of binocular half-occlusions, one could conceive of a more general occlusion buffer used for storing previously visible regions or anticipating new visible regions in connection with motion parallax or relative motion of occluder and background.
Relation to visible persistence
The perceptual extension of the background ring observed in Experiment 1 (or, equivalently, the percept of more dots than are actually simultaneously visible through the open sector of the rotating disk in Experiment 2) can be conceived of as resulting from a kind of visible persistence (Coltheart, 1980) : If visual impressions of stimulus elements corresponding to the background ring persist for some time after their objective disappearance (through occlusion or deletion), this should naturally lead to a perceptual elongation of the visible ring segment. It is clear that visible persistence cannot account for the static occlusion illusion, but it could in principle account for the degree to which the effect in our dynamic version of the occlusion illusion exceeds that in the static version. Several observations, however, make it difficult to link this phenomenal visible persistence to simple neural persistence (i.e., simple temporal integration, sluggish temporal responses of receptors, or positive afterimages). First, it is difficult to see why sluggish receptor responses should lead to a perceptual elongation of the background ring but not to a perceptual elongation of the occluder in the foreground. This asymmetry was even observed in the illusory occluder condition of Experiment 2 in which the colors of the occluder and the background were essentially identical. Second, since the percept of the occluder was essentially veridical, any elongation of the background ring (or, equivalently, any persistence of the dots in Experiment 2) due to persistent receptor responses would be expected to appear superimposed in front of the occluder. Informal observations indicate that this was not the case (see also the Supplementary Demonstration and Movie 1). Third, it is difficult to see how occlusion cues, which had a clear influence on the amount of phenomenal elongation (or, equivalently, phenomenal persistence) observed in our experiments, could have a causal influence on the sluggishness of receptor responses. Thus, the idea of simple neural persistence does not seem very useful for understanding the present observations.
Conversely, however, the present observations may potentially be useful for understanding the results of psychophysical experiments aiming to investigate visible persistence. Many investigations of visible persistence have used stimulus situations and tasks similar to those used in our experiments in order to estimate the duration of visible persistence (Coltheart, 1980) . The influence of occlusion cues documented in the present study suggests that occlusion cues, even if they were implicit and unintended by the researchers, may have also influenced the results of the former studies. Our findings are in a way complementary to the observation that phenomenal visible persistence can be reduced by motion cues (Burr, 1980) . Given the well-documented complementary relationship between motion and occlusion cues (Anderson & Sinha, 1997; Ekroll & Borzikowsky, 2010; Gibson, Kaplan, Reynolds, & Wheeler, 1969; Sigman & Rock, 1974; Yantis, 1995) , it is perhaps not surprising that occlusion cues seem to have the converse effect on phenomenal visible persistence. When the objective disappearance of a stimulus element at a given location of the visual field occurs because it has moved somewhere else, it would make little sense for the visual system to maintain a persistent representation of it; however, when the disappearance is due to occlusion, this would surely be the case. As our findings suggest, this persistent representation may even be experienced as phenomenally specified and visible (i.e., modal in the traditional terminology), even though the represented stimulus element is experienced as occluded at the same time.
Relation to the anorthoscopic effect
In the present study we used a stationary background seen through a moving ''slit'' as a stimulus. Our first informal chance observations of the visibility paradox, however, which originally motivated this study, were made when viewing a demonstration of the anorthoscopic effect. Here, one may have the compelling impression of a complete moving stimulus even though only small parts of it are revealed successively, as it moves behind a stationary occluding screen with a thin slit in it (Anstis & Atkinson, 1967; Aydın, Herzog, &Ögmen, 2009; Fendrich, Rieger, & Heinze, 2005; Haber & Nathanson, 1968; Morgan, Findlay, & Watt, 1982; Wollschläger, 2006; Wollschläger & Faul, 2006) . Our use of the converse arrangement in the present study was motivated by the fact that it tends to yield more stable percepts, but because our original observations were made using a stimulus moving behind a stationary slit, we believe that the visibility paradox also occurs in that case.
A major discussion in the literature on the anorthoscopic effect has been whether the effect can be simply explained in terms of ''retinal painting'' (i.e., a combination of eye movements bringing the successive views of the figure through the slit into spatial register on one hand and simple receptor persistence on the other) or whether more elaborate perceptual processing is involved. In light of the literature presently available, it seems safe to conclude that retinal painting sometimes indeed plays a role but that it cannot explain all the pertinent findings. Consequently, more elaborate perceptual processing seems to be involved. Our findings accord with this general conclusion. As already explained in the previous section, our findings cannot be attributed to retinal painting or simple neural persistence alone. On the other hand, though, manifestations of retinal painting can readily be observed in our stimuli at swifter rotation speeds. The choice of the relatively slow rotation speeds used in our study was motivated by the wish to avoid as much as possible the involvement of retinal painting.
On the retinal painting account of the anorthoscopic effect, one would expect a modal percept of the completed part of the background figure in front of the occluding disk (although it is actually located behind it) because an afterimage of it is projected onto the stimulus. On the hypothesis of more elaborate processing, on the other hand, one would be more prone to expect an amodal impression of the completed figure. If the visibility paradox, as we believe, also occurs in connection with the anorthoscopic effect, however, a part of the perceptual completion of the target stimulus may actually have a modal appearance, even when the latter hypothesis is true.
Relation to the ''grand illusion of consciousness''
Referring to various phenomena such as the perception of the blind spot, transsaccadic memory, and change blindness, several authors have pointed out that much of the visual field is subjectively experienced to be apprehended much more clearly and directly than one would intuitively expect considering the sparse input actually available to or represented by the visual system (Blackmore, Brelstaff, Nelson, & Troscianko, 1995; Dennett, 1993; O'Regan, 1992) . This counterintuitive but seemingly rather general feature of the phenomenology of vision is generally known as the ''grand illusion of consciousness'' (e.g., Noë, 2002) . The phenomenon documented in the present study can be regarded as yet another example of this ''grand illusion,'' and by virtue of being relatively simple and quantifiable it may prove useful for clarifying the debate on what visual awareness of a surface actually means.
Relation to general theories of perception
Most current theory and research on vision is based on the assumption that the visual system evolved to provide the organism with a representation of the outside world that is as veridical as possible given the many ambiguities of the sensory input. According to this general perspective, visual illusions arise because visual mechanisms aiming for veridicality have to rely on error-prone heuristics in order to resolve the many fundamental ambiguities of the sensory input. Thus, the study of visual illusions is regarded as an important tool for establishing what heuristics the visual system exploits toward the goal of achieving veridical perceptual representations of the outside world. While this perspective, in general principle, naturally accounts for visual illusions, it is less obvious how it can account for the existence of impossible figures such as, for instance, the Penrose triangle or the paintings of Escher and Reutersvärd (Cowan, 1977; Gregory, 1980; Hochberg, 2003; Huffman, 1971; Kulpa, 1983 Kulpa, , 1987 Penrose & Penrose, 1958) . Different from traditional visual illusions, which merely involve nonveridical percepts, these impossible figures involve percepts with an internal structure that is incompatible with any consistent real-world interpretation whatsoever. The visibility paradox documented in the present study is analogous to these impossible figures because it shares this property.
A further observation that also makes it difficult to account for the visibility paradox in terms of the standard perspective is the following: According to this perspective, illusions occur because the visual system cannot resolve the ambiguities of the visual input correctly in all cases. Thus, for instance, illusions of size occur because the size of distal objects is ambiguously specified by the size of their retinal projection. But there is no analogous ambiguity associated with the property of being occluded or not: If a region of a visual scene is unoccluded it projects onto the retina, and if it is occluded it does not. Thus, it is difficult to see why the visual system should produce an illusion in which ''the target is perceived as though it were less occluded than it actually is'' (Palmer & Schloss, 2009 , p. 1083 .
Recently, however, there has been an increased interest in alternative general perspectives on perception questioning the idea that perceptual systems evolved to maximize veridicality and its various implications (Hoffman, 2009; Hoffman, Singh, & Mark, 2013; Koenderink, 2010 Koenderink, , 2011 Koenderink, , 2013 Mark, Marion, & Hoffman, 2010; Singh & Hoffmann, 2012; von Uexküll, 1909) . One key alternative idea is the notion that the visual system evolved to provide the organism with a user interface allowing for adaptive interaction with the environment rather than with a veridical representation of the physical properties of the outside world. From this perspective, the attributes of perceptual experience do not have to resemble physical aspects of the outside world any more than the desktop and icons of a computer resemble its internal physical states (Hoffman, 2009) . Our perceptual world is not expected to have an internal structure mirroring the structure of the outside world. Hence, impossible figures such as the visibility paradox documented in the present study pose no challenge to this perspective. In fact, they may even be regarded as evidence in favor of it.
Our proposed resolution of the visibility paradox is concordant with such a perspective in several regards. First, the idea that the phenomenological variable ''modal versus amodal'' does not represent the seemingly corresponding physical variable ''directly visible versus occluded'' but rather the conclusiveness of the sensory evidence for the experienced percepts is more in line with the notion of percepts as icons than the notion of percepts as veridical perceptual representations of the outside world. Second, considering that the conclusiveness of the sensory evidence for a given perceptual interpretation can be understood as an index of perceptibility rather than mere optical visibility and that knowledge of the former is arguably more important to the organism, our proposal is also concordant with the idea that maximizing veridicality is not always the best way to ensure adaptive interaction with the environment.
As a final note, it may be worth pointing out that the idea that phenomenal visibility represents the conclusiveness of the underlying sensory evidence is similar to previous suggestions linking qualia to the reliability of perceptual inferences (Gregory, 1997; Hibbard, 2008; Ramachandran & Hirstein, 1997) .
Conclusions
In this article, we present a dynamical display in which the background region is perceived as less occluded than it actually is. This is similar to what Palmer et al. (2007) observed with the static occlusion illusion. Our experimental findings lend further credence to Palmer and colleagues' partial-modalocclusion hypothesis, which links the illusory extension of the background region to occlusion cues. These findings also confirm the existence of a seemingly paradoxical percept in which more than 3608 of a circular stimulus display is experienced as directly visible (modal). In order to resolve this paradox, we propose that the phenomenological variable ''modal versus amodal'' represents the conclusiveness of the sensory evidence for the experienced percepts rather than optical visibility. In our view, this hypothesis is a promising candidate solution to the ''perplexing'' issue of ''how to understand the nature of the partial-modal-completion hypothesis'' (Palmer et al., 2007, p. 669) . Functionally, the perceptual representation of conclusiveness of sensory evidence might be more useful than estimates about optical visibility.
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